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ABSTRACT

PRESTO (Prediction of Radiation Effects from Shallow Trench Opera-
tions) is a computer code developed under U.S. Environmental Protection
Agency (FpA) funding to evaluate possible health effects from shallow
land burial of low-level radioactive wastes. The model is intended to
assess radionuclide transport, ensuing exposure, and health impact to a
Static local population for up to 1000 years following the end of burial
operations. Human exposure scenarios that may be considered fc? the
model include normal releases (including leaching and operational spil-
lage), human intrusion, and near site farming. Pathways and processes
of transit from the trench to an individual or population include:
groundwster transport, overland flow, erosion, surface water dilution,
resuspension, atmospheric transport, deposition, iahalati'jn, and inges-
tion of contaminated beef, milk, crops, and water. Off-site pcpslatios
and individual doses and cancer risis may be calculated as veil as doses
and risks to the intruder and farmer. Data have been compiled for three
extant shallow land burial sites: Barcwell, South Carolina; Beatty,
Nevada; and West Valley, New York. Some simulation results for the
fiarnwell site are presented.

INTRODUCTION -

The U.S . Environmental P r o t e c t i o n Agency (EPA) i s r e s p o n s i b l e for
d e v e l o p i n g an environmental s tandard for d i s p o s a l of l o w - l e v e l r a d i o a c -
t i v e waste (LLW). PRESTO i s a computer code deve loped to a s s i s t EFA to
evaluate possible health effects from LLW disposal in -shallow trenches.
PRESTO i s currently being documented [1] and readers interested in more
of the operational detai ls than are given herein should consult that
document.

PRESTO allows numerous human exposure scenarios depending on the
structure el the input data set . Pathways and processes of transit from
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the trench to an individual 01 population include: groundwaier tran-
sport , overland flow, erosion, surface water (stream) dilution,
resuspension, atmospheric dispersion, deposition onto crops and sur-
faces, inhalation, and ingestion of contaminated meat, milk, crops, and
water. Pathways of transport by air or water, respectively, are shown
is Figs. 1 and 2. Cancer risks are calculated for individuals or popu-
lations over *.be assessment period using a life-table approach.

The model is simple and input data requirements are relatively
(•all. The code construction is modular to allow for sore detailed sob-
uodels or subroutines to be substituted at later dates. Several of the
submodels included in PRESTO were developed for other types of assess-
ments, and we have adapted them for use in assessing health effects from
shallow land burial.

PRESTO considers only one scenario per computer run. The scenario
to be simulated may be structured by the user by changing input values
of such parameters as population size and location, distance to well,
percent of cap failure, resuspension rate, etc. By thoughtfully chang-
ing various site description parameters, the user may design numerous
scenarios that may be of specific interest.

Although the code has "been run numerous times for various combina-
tions of parameters for each cf the three sites for which data have been
compiled, only results of simulations for the Barnwell site type will be
discussed in this paper. Potential users should bear in mind that the
code is relatively new and may yet contain some errors of implementa-
tion. In addition, because of uncertainties in the input data values,
incomplete knowledge of the site being simulated, or misapplication of
the model imprecise or inaccurate results may be expected in some cases.

CONCEPTUAL DESCB2PTI0N OF THE MODEL

The PRESTO code may be operated to calculate doses and risks to an
individual or population averaged over the total assessment period, ox
for some shorter time frame. General assumptions that guided the model
development will be discussed later in this section.

PRESTO is modular in construction to allow for more sophisticated
submodels or subroutines to be substituted at later dates. The code has
been designed with three specific shallow land burial sites in mind:
Barnwell, South Carolina; Beatty, Nevada; and West Valley, New York.
Data input decks have been compiled for each of these three locations.
However, the code may be suited foe use at many other locations if data
•re available. Many of the submodels included in PRESTO were developed
for other types of assessments, sn<? we have adapted them for use in
assessing health effects from shallow land burial.

Although the code user may change the length of simulation to any
number of years desired, the model was designed to estimate releases and
subsequent health effects over a period of 1000 years following closure
of a burial ground. Therefore, the code time step is one year and
parameters in the model are annual averaged. The model also assumes
that the r&dionuclide inventory entered as input data is the amount of
activity found in the trenches at the end of burial operation.



Vaste materials in the trench are considered to be effectively
homogeneous both in terms of radionuclide distribution and type of
naterial. This homogeneous matter is also considered to be uncontained
by canisters( a conservative assumption with regard to radiological dose
and potential health effects.

The in-growtb of daughter products of radiological decay is not
calculated by the model. In cases whore the major dose contribution is
from external exposure to a short-lived progeny in equilibrium with a
parent radionuclide in the trench inventory, the user should also
include the daughter in the inventory.

No more detailed description of chemical reactions than that pro-
vided by K, is included in the model. The distribution coefficient,
I. [2], is used to simulate partitioning between water and soil or rock
for each element. Separate values of K. are input for soil, trench
material, subtrench soil, and aquifer to allow for changing conditions.

Outside of (below) the trench, conditions are assumed to be
saturated. Transport of rsdionuclides is one-dimensional vertically
from the trench bottom to the aquifer and then horizontally through the
aquifer to an outcrop or well. Each element is transported at a charac-
teristic retarded velocity determined by user input values of water
velocity, porosity, K,, and material density. A correction factor
(adapted from reference [3]) is calculated and applied to account for
the combined effects of radioactive decay and dispersion in the ground-
water. Mass of the input inventory is conserved throughout the model.

Three types of submodels are used in the code: unit response sub-
models, bookkeeping submodels, and exposure/risk submodels. The unit
response submodels calculate the annual response of a given process.
For instance one submodel calculates the amount of liquid w»ter avail-
able for input into the system each year. The available annual amount
of water is then placed into the system each year and apportioned by the
various bookkeeping submodels. Other unit response models calculate the
annual average atmospheric dispersion coefficient and erosion from the
trench cap.

Bookkeeping submodels utilize results cf unit response submodels
plus user control options to transfer materials within the model system.
For example, one submodel maintains a water balance in the trench and
calculates the level of standing water in the trench and the volumes of
water leaving annually via the trench bottom or overflow. The bookkeep-
ing submodels are enclosed in a program loop that iterates once for each
year of the simulation.

Average concentrations of each radionuclide in important environ-
mental media (e.g., well water) over the assessment period as calculated
by the bookkeeping submodels ere used by the exposure and risk submo-
dels. Equations adapted from U.S. Nuclear Regulatory Commission Regula-
tory Guide 1.109 [4] by Moore et al. 15] are used to calculate radionu-
clide concentrations in foodstuffs from atmospheric deposition and irri-
gation. Foodstuff information and human ingestion and breathing rates
are utilized to calculate the annual average radionuclide intake per
individual in the population by ingestion and inhalation. These intake
data are then converted into estimates of dose rate and health risk.

It is important to note the following assumptions regarding the
impacted population. The health risk methodology assumes, for metabolic
parameters, no age or sex distribution; i.e., each member of the popula-
tion is an adult. All members of the population utilize common sources



of drinking and irrigation water contaminated from trench seepage or
overflow. The population age distribution and size is held constsnt
over the simulation period (nominally 2000 y). We assume that the total
population resides within the same 22.5 degree sector.

User-input parameters specify the distance and fraction of year
that the plume blows in that sector. Therefore, each member of the
population breathes the same rate and will inhale the same quantity of a
given radiouuclide annually. To allow coordination with more detailed
atmospheric dispersion codes, PRESTO has Another option. If desired,
the user may calculate a value of x/Q, the annual average atmospheric
dispersion coefficient, for the site and population in question. Use of
such a value will override the atmospheric transport-population assump-
tions just discussed. In such an instance, the atmospheric source term
calculated by subroutine AIETRM will be distributed to the population as
described by the input value of x/Q.

Several scenarios of human exposure to radiation from the buried
waste may be considered by changing various input parameters; these
include: normal burial ground function with opsrational spillage, human
intrusion into the trench, site reclamation or farming, an eroded trench
cap with subsequent atmospheric contamination via suspension. PSESTO
has been kept extremely flexible with regard to structure and definition
of exposure scenarios. By thoughtfully changing various site descrip-
tion parameters, such as population size and location, distance to well,
percent cap failure, resuspension rate, etc., the user may design
numerous scenarios.

For the normal scenario, cumulative doses and risks to populations
may be calculated with population centers for each site characterized by
geographic centroid location and number of persons. Operational spil-
lage is defined as the residual radioactivity on the soil surface at the
close of burial operations from routine occasional leakage or spillage
from shipments during the operation of the burial ground. Annual aver-
age meteorology for the modeled site is input. Individual dose
calculations for atmospheric releases under the normal scenario are for
a person at the site boundary in the prevailing downwind direction.
Individual doses due to water-borne effluents may also be calculated at
the site boundary.

Under en intrusion scenario, individual calculations may assume
that the intruder (1) receives an internal dose from drinking water from
a well nearby the trench, and (2) receives an external dose from resid-
ing in a basement on the trench location; the time of onset and duration
of exposure and basement residency are user-specified.

To simulate a farming scenario, an individual may eat vegetables,
beef, and milk produced on land irrigated by the population well which
may be placed any distance from the trench. The land may also be contam-
inated by overflow of the waste burial trench. The farmer also may
inhale suspended contaminated soil from the ruidusl operational spil-
lage.

The eroded trench comes into play when the trench cap becomes com-
pletely removed by either erosion or other mechanical means.
Thereafter, the eroded trench may provide for suspension and atmospheric
transport of trench contents and resulting inhalation by an individual
or the specified population. An individual may also be directly exposed
to trench contents and thus receive an external dose. Populations may
receive an external dose from immersion in the suspended plume.



The following two sections describe oser input to the cede sad
simulation results fox one site.

USER 3NPDT TO PRESTO

There are four groups of data needed to execute PRESTO. They are:
(1) environmental transport and code control data for calculating
radionuclide concentrations in environmental media and foodstuffs, (2)
data used specifically by the DARTAB 16] subroutine for creating tabular
output of dose and risk, (3) data necessary for subroutine INF1L to
estimate annual infiltration through the trench cap, and (4) dosimetric
and health effects data (created by the RADRISK program [7]) also used
by the DARTAB subroutine. Each of these groups of input data will be
discussed briefly in the following paragraphs.

Site specific environmental and nuclide data have been compiled for
each of three sites (Barnwell, Beatty, and West Valley). Some of the
data for each site were readily available, and others were estimated
from other sites. Easily available data include site precipitation
rate, mean temperature, mean barometric pressure, soil porosity, soil
bulk density, depth of aquifer, trench dimensions, depth of overburden,
location and flow of surface water bodies and wells, topography, average
meteorology, location of population centers, etc. Some of the site-
descriptive data used in the runs discussed later are included in Table
1.

Data about which considerable uncertainty still exists include
groundwater flow velocity both vertically and horizontally, element-
specific retardation as a function of the distribution coefficients (
K.) and the activity inventory by nuclide of each site. Estimates of
the aquifer flow velocity are available from DSGS investigations or
other sources such as site operators [8-10].

A recent survey of K, values for agricultural soils [2] is a prom-
inent source of distribution coefficient data. Nevertheless, it is
doubtful that site-specific values of K. will ever be available for use
in the code. The activity inventory of the sites may be the least
accessible of any of the necessary data. For the Barnwell facility,
incoming radionuclide activity receipts for the life of the burial
facility are relatively well known. The West Valley facility radionu-
clide inventory was described by EPA in 1977 [9], Sowever, the inven-
tory WPS described without reference to specific radionuclides in most
cases. Virtually no data on activity inventory exist for the Beatty
site; inventory input for that site vere estimated by merging the inven-
tories from other facilities. The activity inventory and K, values used
for the Barnwell-t/pe runs presented later are shown in Table 2.

The necessary data for the food chain, irrigation, human exposure,
dese, and risk portions of PRESTO are generally generic in nature.
Transfer coefficients for crops, meat and ailk, and human ingestion and
iiihalation rates are taken from AIRDGS-EPA [5] other assessment litera-
ture [11]. Site-specific food chain data, including productivity of
pasture grass and produce> irrigation rates, and amount of land irri-
gated, were considered whenever available.

The input to subroutine DARTAB provides the user with options for
processing the exposure data, dosimetric data, and of tabulations of



output. The data are read using the special form of the IBM FORTRAN
NAMELIST format. The order of data items in a NAMELIST group is net
important, bot names, such as those for radionuclides, cancers and
organs most agree with those expected by the RADRISK data file discussed
later. The data described in this section must follow directly after
the radionuclide-specific environmental transport data discussed above.

Data entered in the namelist section include information necessary
to control the types of tables output by DARTAB. Suranary tables or very
detailed tables that describe dose rates or cancer risks may be printed.
Tables may be structured to indicate impacts to either individuals or
the population. Dose rates and risks may be categorized by affected
organ, pathway of exposure, and type of csucer expected. Dp tc twenty
organs and/or twenty types of cancer may be explicitly designated. As
with the rest of PRESTO, up to forty radionuclider may be considered.

Inputs to subroutine INFIL [123 are of four tyj.es: hydrologic and
trench description characteristics, maximum day length in hours by
month, daily mean temperatures by month, and hourly precipitation for
non-zero precipitation events. Descriptive parameters include trend-,
width, and slope, permeability of the trench cap, porosities for the
gravity water and pellicular water zones, equivalent upward diffusivity
and hydraulic conductivity, and infiltration capacities for the pellicu-
lar and gravity water zones. Also entered are the monthly mean maximum
length of day for the site's latitude. Daily mean temperatures by month
are also required for INFIL operaticn. The final block of data read by
INFIL consist." of hourly precipitation data for days when rain occurred.

Dosimetric and health effects data are read in an unformatted form
from a magnetic tape which contains information about many radionu-
clides. The data on the tape were created by executing the RADRISE code
17] and should be sufficient to meet most users' needs. For a further
description see the DARTAB user's guide 16] and the RADRISE documenta-
tion.

RESULTS OF SOMF PRESTO SIMULATIONS

Although the code has been run numerous times and for all three
sites, only results of some Barnwell simulations will be displayed in
detail herein. Calculations were made to show the risk of cancer gen-
eration to the collective population surrounding the Barnwell site, to
examine the lifetime fatal cancer risk to an individual residing in a
basement excavated into a trench, and to estimate risks to a resident
individual farming the site.

For the parameters and initial radionuclide inventories listed in
Tables 1 and 2, the collective risk from the normal operation of the LLW
facility were estimated to the roughly 7000 persons is the ar<>a for the
thousand year period following trench closure. Results of these calcu-
lations are listed by radionuclide in Table 3. The total collective
risk summed over all radionuclides was calculated to be 0.88. This
corresponds to an annual loss of life of 8.SE-4 or a lifetime fatal
cancer risk of 8.9E-6 for the mean individual in that static population.
This risk is derived from the mean individual *hole body dose equivalent
of 0.45 mrem/y, approximately 200 times less than the background rate.



The radionnclide responsible for most of the collective risk is
To-99, which leads to ninety percent of the calculated doses. Radionu-
clides that contribute another nine percent to the total risk include
C-14 (3.2%). Co-60 (2.1%). and Cs-137(3.8%). Longer lived nnclides tb-t
presumably would contribute a larger fraction of the total risk if a
longer tine frame were corsidered include the Uranium isotopes. Pu-23 9,
and Pb-210. The large contribution of Tc-99 may be understood by exa-
mining the breakthrough times calculated by the model for transit from
the trench to the irrigation well for the parameters used. Only a few
radionuclides, specifically B-3, C-14, Kr-85, and Tc-99 had calculated
breakthrough times less than 1000 years. All other nuclides in this
simulation had much longer transit times through the aquifer. The con-
tribution of the Cs-137 and Co-60 to the dose and risk of the collective
population results from the fact that the initial conditions of the
simulation included an operational spillage term that equaled 1E-S of
the initial trench inventory. Because Co-60 and Cs-137 e-re present in
the trench in such large amounts (Table 2), they were able to be washed
to the nearest stream, enter into the foodchain and result in a few par-
cent of the total dosage to the consuming population.

The code was used to calculate the lifetime fatal cancer risk to an
intruder resident in a basement constructed within a trench having an
initial inventory similar to that expected at Barnvell. Figure 3 plots
the estimated risk as a function of the beginning year of residency.
These calculations assume that the individual resides in the basement
one-third of each day for a total lifetime (taken to be ICO years). The
calculations are further conservative in that, contrary to an actual
disposal site, all the waste inventory are stored in one trench; that
being the one into whicn the intruder resided.

The basement results indicate that, as might be expected, a
resident intruder may be greatly at risk if he/she intrudes during the
first few hundred years following trench closure. However, by beginning
year 400, the lifetime fatal cancer risk is only 1.2% with a mean whole
body dose equivalent rate of 61 mrem/y. This result is not surprising
given the large fraction (99.65%) of the total inventory that has a
radiological haiflife of less than one hundred years.

CONCLUSIONS

Simulations have been performed for several release scenarios at
three specific sites having different waste inventories, geophysical
characterstics, and population distributions. Health risks to popula-
tions and individuals exposed under normal operations, and an intrusion
scenrio at a site similar to that at Barnwell, South Carolina, are
presented in this paper.

The sum of all nuclide-specific risks listed in Table 3 for the
collective population exposed during normal operations with ar initial
surface spillage of 1.0E-8 of the total inventory was calculated to be
0.88 for the 1000 year period following trench closure. This calcula-
tion assumes that the site is adequately described by the parameters
listed in Tables 1 and 2 aad that the population at risk is constant.
This value corresponds to « risk per year for the mean individual of
8.9E-6. In comparison, the current annual death rate due to cancer for



the United States population is 183.5 per 100,000 persons [13], so the
unit probability of dying by cancer, excepting that associated with the
Bamwell wcstes, is 1.8E-3. This exceeds the yearly death probability
for average local individuals doe to the Barnwell wastes by a factor of
over 200.

As night be expected, individual risks from resident intrusion
indicate that concern about intrusion, at least resident intrusion,
should be centered on the first few centuries following trench closure.
Competing risks of everyday living would probably outreigh the calcu-
lated risks from residing in the excavated-trencb basement after about
400 years. This is especially true given the fact that the calculated
risks (Fig. 3) are based on ths presumption that the inventory has all
been placed into one trench, rather than many as is normally the case in
burial ground operation.

Although not presented here, farming of the site seems to present a
much smaller risk to the individual participant than does residency in a
basement. The lifetime fatal cancer risk computed for farmers during
the period 100-200 years following trench closure is several orders of
magnitude below that for the intruder during the same time period.

Simulation results presented here must be regarded only as samples
from a larger population of results, because we have only made these
calculations for a single set of site description parameters. Calcula-
tions with other combinations of site variables, or for other sites may
yield greatly different estimates of risk for the same types of
scenarios. Therefore, we wish to evaluate uncertainties associated with
predictions of the PRESTO model, as functions of the precision with
which input variables are known. Determination of the sensitivity of
aodel results to variations in model input values would indicate where
efforts to gather data would be most valuable. Nevertheless, the
results presented in this paper tend to indicate that the PRESTO code is
performing as expected and as designed.
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TABLE 1

VALUES OF SOME SITE DESCRIPTIVE PARAMETERS USED
IN PRESTO RUNS TO SIMULATE BARNWELL

Parameters

Collective at-risk population
Annual precipitation
Trench area
Trencb depth
Soil porosity
Soil bulk density
Watershed permeability
Trench cap permeability
Trench to aquifer depth
Trench to well distance
Groundwater velocity
Wind velocity
Source to population distance, surface
Source to stream distance
Fraction of initial inventory

spilled onto surface

SITE

Value

7000
1.18 n
3000 m2

6.7 m
0.40
1.6g/cm
43 n/y
0.02 m/y
4 m
914 a
2.16 m/y
0.4 ra/s
100 in
914fim
10"8
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TABLE2

ASSUMED INVENTORY AND K FOR BARNWELL
BURIAL GROUND SIMULATIONS

Nuclide A c t i v i t y , Ci Fract ion
of t o t a l

K

a-3
C-14

Mn-54
Fe-55
Co-60
Ni-63
Zn-65
Kr-85
Sr-90
Tc-99
Cd-109
Sb-125
Cs-134
Cs-137
Ce-141
Ce-144
Pm-147
Re-187
Pb-210
Ra-226
Th-232

U-234
U-23 5
U-236
H-23 8

Pn-23 8
Pu-23 9

34,499
9

9737
65,672

432,755
11,029
7,613
1,6 82
2,617

61
16

2,
37,06 9

289,403
547

2160
179

1.
22

0.
1 .
3 .
3 .
0 .

3063
0 .
0 .

.5

.7

,5

,6
3
0
5
5

2
1

3.8E-2
1.1E-5
1.1E-2
7.3E-2
4.8E-1
1.2E-2
8.5E-3
1.9E-3
2.9E-3
6.8E-5
1.8E-5
3.0E-6
4.1E-2
3.2E-1
6.1E-4
2.4E-3
2.0E-4
1.7E-6
2.4E-5
6.7E-7
1.4E-6
3.3E-6
3.9E-6
5.6E-7
3.4E-3
2.2E-7
1.1E-7

ISO
55
S5

150
16

0
27

6
45

1100
1100
1100
1100

61
7

99
220

60,000
45
45
45
45

1800
1800

.01

.01

.033

.7

.5
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TABLE3

TOTAL COLLECTIVE 8ISK FBOM NORMAL RELEASES
OF VARIOUS RADIONDCLIDES Hi A BARNWELL-TYPE

DISFOSAL SITE OVER 1000 YEARS DELIVERED TO A
POPDLATION OF 7000

Radionnclide
B-3
C-14

Mn-54
Fe-55
Co-60
Ni-63
Zn-65
Er-85
Sr-90
Te-99
Cd-109
Sb-125
Cs-134
Cs-137
Ce-141
Ce-144
Pm-147
Re-187
Pb-210
Ra-226
Th-232

D-234
0-235
U-236
D-23 8

Pn-23 8
Pn-23 9

Total

Collective
risk (deaths)

1.0E-3
2.9E-2
3.1E-6
1.6E-4
1.9E-2
0
4 .1E-4
0
8.4E-3
8.0E-1
0
1.7E-8
6.4E-4
3.4E-2
1.3E-11
2.6E-1O
0
0
4.3E-7
2.3E-12
1.1E-11
4.OE-8
5.9E-7
5.7E-9
2.6E-4
4.6E-12
1.3E-10

8.8E-1

Fraction
of total
1.1E-3
3.2E-2
3.5E-6
1.8E-4
2.1E-2
0
4.6E-4
0
9.5E-4
9.0E-1
0
1.9E-8
7.2E-4
3.8E-2
1.5E-11
2.9E-10
0
0
4.9E-7
2.6E-12
1.2E-11
4.6E-8
6.7E-7
6.4E-9
2.9E-4
5.2E-12
1.4E-10

1.0
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ORNL-OWG 82-16816
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FIGURE 3. INDIVIDUAL LIFETIME FATAL CANCER RISE
FOR 100 YEAR RESIDENT INTRUDER AS CALCDLATED
BY PRESTO USING PARAMETERS LISTED IN TABLE 1



DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any agency
thereof, nor any of their employees, makes ?ny warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or use-
fulness of any information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference herein to any spe-
cific commercial product, process, or service by trade name, trademark, manufac-
turer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof.
The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof.


